Nearshore wave transformation is a complex coastal process of shoaling, refraction, diffraction, reflection, and energy dissipation due to bed friction and breaking contributing variations in the wave height, period and direction. A well defined sediment cell of about 45 km extending from Kovalam headland to Varkala cliff which forms a part of Thiruvananthapuram coast along the southwest coast of India, is selected for the wave transformation studies. In the present study MIKE 21 Spectral Wave model (DHI, 2011) was used. The model simulates the growth, decay and transformation of wind generated waves and swells both in offshore and coastal areas. Providing MIKE 21 SW with a suitable bathymetry is essential for obtaining reliable results from the model. Usually the offshore bathymetry is derived from C-MAP, ETOPO, GEBCO etc. and the nearshore bathymetry is generated from close grid bathymetric surveys. In this study offshore bathymetry was generated from GEBCO-08 grid which is a freely available software with 30 arc (~ 1 km) resolution. In the nearshore zone, surveyed close grid bathymetric data were used. The other inputs such as wave measurements and wind data provided in the model were from observations in Lakshadweep Sea. Model result is calibrated with field observations along this sector. The model has efficiently simulated the process of shoaling and refraction along the coast. The percentage of observed shoaling is 12.7% at a distance of 24 km from the shoreline at a depth of 70m and it was seen to be increasing to 27.9% when it reached around 2.4 km from the shore at a depth of 10m. The model result also shows that the wave is almost aligned parallel to the coast as wave approaches the coast. This model result can be used for further applications in designing along this coast.
INTRODUCTION
Coastal zone is the triple interface of land, ocean and atmosphere. Any developmental activity along the coastal zone requires a clear understanding of the dynamic processes controlling its very existence. The definition of wave conditions in shallow water is an essential requirement in the design and operation of a wide variety of coastal facilities and for the safe performance of human activities in coastal areas. Port developments, marine terminals, coastal management strategies, downtime analysis of vessel activities, etc. are a few examples for which the assessment of wave conditions is important (Fassardi, 2004) .
Engineers are usually confronted with insufficient or no wave data when performing studies in remote or under developed coastal areas. Measurements at the site of interest would be the most adequate source of data, but these are often expensive. Considering the difficulties involved in field measurement, theoretical and modeling approaches present an alternative. Currently, various commercial and open source spectral wave models are available for wave hindcast and forecast studies.
Nearshore wave transformation is a complex coastal process of shoaling, refraction, diffraction, reflection and energy dissipation due to bed friction and breaking, contributing to changes in the wave height, period and direction. Unlike in deep water, the wave climate in shallow water exhibits much spatial variation owing to the complex transformation processes (Kurian, 1989) . Waves moving towards shoaling water at an angle to the bottom contours, change their direction of progress and become parallel or almost parallel to the shore before breaking, which is the wave refraction. Wave refraction is caused by the dependence of wave speed upon water depth in the regions where water depth is less than half the wave length.
For planning constructions on the beach for development and tourism, for establishing a harbour and also for evolving coastal zone management strategies, the knowledge of wave transformation at the particular shoreline is very essential. Numerous studies have been carried out to understand the wave transformation process. Hubertz (1981) discussed two numerical models which allow a wave field to be transformed by the process of refraction and shoaling from offshore to nearshore. Fassardi (2004) used MIKE 21 Parabolic Mild Slope (PMS), developed by the Danish Hydraulic Institute (DHI) as wave transformation model and a simple methodology for the derivation of long-term hindcasts in shallow water including the particular features of the nearby bathymetry. Aboobacker (2010) attempted to study seasonal response of coastal waves and wave transformation along the Indian coast using measurement, modelling and remote sensing.
This paper aims to study the nearshore wave transformation process along Thiruvananthapuram coast using MIKE 21, a third generation commercial model. In the present study numerical simulations of waves in the deep waters as well as shallow waters have been carried out using MIKE 21 SW models.
STUDY AREA
The state of Kerala is situated along the south west coast of India. It stretches along the coast of the Lakshadweep Sea. The state lies between 8°18 ' and 12°48 ' north latitude and 74°52' and 77°22' east longitude. The total length of coastline is about 570 km of which about 569.7 km is affected by erosion (Sanil Kumar et.al., 2006) . The coast of Kerala is subjected to coastal erosion which is perennial in nature. The magnitude of erosion is high during the south-west monsoon season (JuneSeptember) causing irrepressible loss/damage to the property adjacent to the shoreline. Different types of coastal protective measures have been implemented along the Kerala coast during the last century. Of the various protective measures adopted so far, construction of seawalls is the most commonly used method. Various designs of seawall have been attempted along different stretches of the coast covering about 75% of Kerala's coastline. In spite of this, erosion is continuing even at many locations which have been protected by seawalls. The enormous cost of maintenances and frequent failure of seawalls is a major concern for the Government (Ajeesh 2011) . It is understood that the coast has severe erosion problems due to enhanced erosion due to human interventions like breakwaters, groins, seawalls, etc. It calls for redesign in certain sectors and new interventions in other sectors for which better data and knowledge of the dynamic processes along the coast is a prerequisite.
Thiruvananthapuram coast has a major sediment cell between Varkala cliff to Kovalam headland. Veli and Varkala could form a minor sediment cell within the Kovalam-Varkala sediment cell (Ajeesh 2011) The Kovalam (8°57'59"N, 75°37'21"E) to Varkala (8°04'49"N, 77°19'13"E) coastal stretch ( Figure 1 ) which forms a part of Thiruvananthapuram coast along the southwest coast of India, was selected for the wave transformation studies. The Kovalam-Varkala coastline is oriented in NNE -SSW direction. The coastal plains extending north from Panathura to Anchuthengu are extensively wide landwards. The tidal inlet at Panathura is about 3 km north of Kovalam headland. Seawalls protect the entire coast from Kovalam headland to Panathura inlet and two groins presents at Panathura having length 25 and 33m. The coastal stretch immediately north of the inlet is an open coast with an existing groin field at Poonthura about 1 km north of inlet. Further north, the Poonthura -Beemapally sector of the coast has seawalls without frontal beach. Valiyathura is located about 6 km north of Panathura. This sector of the beach has a fairly wide fair-weather beach seaward of seawalls. There is a pier at Valiyathura which stands on pillars and does not significantly affect the sediment transport. A coastal stretch of about 300m north of northern breakwater of Muthalapozhi harbour is an unprotected beach. North of the above stretch of the coastline is being protected by seawall. The Perumathura coast and Thazhampally-Anchuthengu coast constitute barrier beaches.
Figure 1 Kovalam to Varkala coastal sector

DATA AND METHODOLOGY
Winds, waves and bathymetry are the major oceanographic parameters required for wave modeling (Aboobacker, 2010) .
Bathymetry
The accuracy of all numerical simulations primarily depends on how accurately the bathymetry is generated. The bathymetry for the simulation of waves was generated from the General Bathymetric Chart of Oceans (GEBCO_08 Grid). It is a global terrain model for ocean and land at 30 arc-second intervals (Appendix 1). The data within the GEBCO_08 grid represent elevations in meters, with negative values for bathymetric depths and positive values for topographic heights. The regional bathymetry obtained from GEBCO_08 Grid is illustrated in Figure 2 
Wave data
In the present study, a continuous wave data of eight months collected in the Off-Mangalore region using Directional wave rider buoy was used which was made available from NIOT Chennai. It is important to ensure that reliable data are used to initialize the numerical models. The wave data used is represented as time series plot (Figure 4 a, b and c) . 
Numerical Modeling
Numerical simulations have been carried out to study wave features prevailing along the coast. Wave parameters obtained from the simulations are analyzed to understand the wave transformation phenomena. For simulating the wave transformation from the deep water to the nearshore region, the Spectral Wave (SW) model of MIKE 21 was used. The model is capable of simulating the growth, decay, and transformation of wind generated waves and swell in both offshore and coastal region. MIKE 21 SW is a new generation spectral wind wave model based on unstructured mesh which takes into account various phenomena like wave growth by influence of wind, nonlinear wave-wave interaction, dissipation due to white capping, bottom friction and depth induced breaking (DHI,2011).
Model Domain
With a view to understand the wave transformation off the Thiruvananthapuram Coast along the West coast of India, a 45km stretch of coast between Kovalam and Varkala is considered. The coast line is oriented along NNW-SSE direction. Providing MIKE21 with a suitable mesh is essential for obtaining reliable results from the model. Setting up the mesh includes selection of appropriate area to be modeled, adequate resolution of the bathymetry, wave, wind and flow field under consideration and definition of codes for open and land boundaries. MIKE 21 is based on flexible mesh approach. In order to study wave transformation in Thiruvananthapuram coast, a large domain, having a water depth around 700m is selected. An unstructured triangulated mesh is generated with varying sizes of triangles (elements) with finer triangles on nearshore area and coarser triangles on offshore area ( Figure 6 ).
The mesh file is generated in the MIKE Zero Mesh Generator which is a tool for the generation and handling of unstructured meshes including the definition and editing of the boundaries. The mesh file is an ASCII file including information of the geographical position and bathymetry for each node point in the mesh. The file also includes information of the node connectivity in the triangular element mesh. The mesh file generated in the present study has 2781 nodes and 4515 elements.
Figure 6 Model domain used for wave transformation
In the present case the model was set up with three boundaries -north, south and west, along with a land boundary on the eastern side. For defining the western boundary offshore wave data consisting of significant wave height, mean wave height, mean wave direction, peak wave period and directional spectral index were given as input parameters. The other two open boundaries (northern and southern) were defined as lateral boundaries.
RESULTS AND DISCUSSIONS
Several locations of Thiruvananthapuram coast are under severe erosion. In order to address this problem various coastal engineering measures have to be adopted. But a lack of proper data, particularly wave data, required for design purposes is badly felt. Many coastal protection designs now in place have not given the expected results. Hence the present numerical model has been set to study the wave transformation along the coast.
The results from the numerical simulation studies were analyzed to bring out the wave transformation along Thiruvananthapuram coast. From the statistical mean ( Figure 7 ) the value of the significant wave height for the study area was found to range between 0.9m and 1.5 m. From the statistical mean (Figure 8 ) the value of the mean wave direction for the study area was found to range between 190°to 285°.
The waves are generally high from May to October while they were low during the rest of the months. It is observed that significant wave height is less than 1.5 m during January to April. During June to September it is usually above 1.5 and 2m.The observation agree with earlier studies [Thomas et al 2007 , Thomas et al 1983 , Swamy 1979 . 
Shoaling
To study the shoaling process, the spectral output obtained for significant wave height is analyzed and variation of significant wave height with respect to water depth is plotted. From the graphs (Figure 9 ) it was observed that the wave transformation occurs approximately at a water depth of 100m.The theoretical relations were used to validate this data. The mean significant wave height is observed to be 1.58m. The statistics of significant wave height ( Table 1 ) clearly shows that the percentage of shoaling is 12.7% at a depth of 70m (offshore) and it increases to 27.9% at a depth of 10m i.e. 2.4 km away from the shore.
Wave Refraction
The spectral output of mean wave direction obtained from the model is analyzed for refraction studies. From the graphs plotted it was found that the wave direction changes from deep water to shallow water and it tries to get aligned with the shoreline as these waves approach the shore. Figure 10 shows variation of mean wave direction. Volume 5 · Number 1 · 2014
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The Kovalam -Varkala shoreline is oriented at an angle of approximately 232 degrees. The wave direction observed at some points nearshore is also around 232 degrees. Hence it is observed that refraction is taking place along the coastal stretch as the wave try to align with the orientation of the coast. Table 2 clearly shows that as wave approaches to nearshore it tries to get aligned with the shore. 
CONCLUSIONS
The nearshore wave transformation along Thiruvananthapuram coast has been studied using the MIKE 21 SW. The spectral output obtained from MIKE 21 SW was analyzed for shoaling and refraction phenomena taking place along the coast. The percentage of shoaling is observed to be 12.7% at a distance of 24 km from the shoreline at a depth of 70m and it was seen to be increases to 27.9% when it reached around 2.4 km from the shore at a depth of 10m. The model result also shows that the wave is almost aligned parallel to the coast as wave approaches the coast. For most of the coastal engineering applications clear knowledge on wave transformation is a prerequisite. So the present model can be further used for structural designing along the coast.
